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A. Sequences: 
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|𝛼| < 1 ⇒ ∑ (𝑛 + 1)𝛼!(
!%& = $

($#')"
  

B. Linear convolution: 

𝑦[𝑛] = ℎ[𝑛] ∗ 𝑥[𝑛] = ∑ ℎ[𝑘]𝑥[𝑛 − 𝑘](
+%#( = ∑ 𝑥[𝑘]ℎ[𝑛 − 𝑘](

+%#(   

𝑌(𝑧) = 𝐻(𝑧)𝑋(𝑧) 

𝑌(𝑓) = 𝐻(𝑓)𝑋(𝑓) 

𝑌(𝑘) = 𝐻(𝑘)𝑋(𝑘), 𝑘 = 0,1, … , 𝑁 − 1 where 𝑌(𝑘) = 𝑌(𝑓+) with 𝑓+ = 𝑘/𝑁  

C. Transforms: 

Z-transform: 𝐻(𝑧) = ∑ ℎ[𝑛]𝑧#!(
!%#(  

DTFT:  𝐻(𝑓) = ∑ ℎ[𝑛]𝑒#,-./!(
!%#(  

DFT:  𝐻(𝑘) = ∑ ℎ[𝑛]𝑒#,-.!+/""#$
!%&   𝑘 = 0,1, … , 𝑁 − 1 

IDFT:  ℎ[𝑛] = $
"
∑ 𝐻(𝑘)𝑒,-.!+/""#$
+%&  𝑛 = 0,1, … , 𝑁 − 1 

D. Sampling theorem: 

Given an analog signal 𝑥1(𝑡) sampled at 𝐹2 = 1/𝑇. The DTFT of the resulting discrete-time 
sequence 𝑥[𝑛] = 𝑥1(𝑡)|3%!4 		is given by 

𝑋(𝑓) = 𝑋(𝐹/𝐹𝑠) = 𝐹2 ∑ 𝑋1([𝑓 − 𝑘]𝐹2)(
+%#(   

E. Autocorrelation, energy spectrum and Parseval: 

Given a sequence ℎ[𝑛] with finite energy 𝐸5 

Autocorrelation: 𝑟55[𝑙] = ∑ ℎ[𝑛]ℎ[𝑛 + 𝑙](
!%#(   𝑙 ∈ ℤ 

Energy spectrum: 𝑆55(𝑧) = 𝐻(𝑧)𝐻(𝑧#$) ⇒ 𝑆55(𝑓) = |𝐻(𝑓)|-  

Parseval’s theorem: 𝐸5 = 𝑟55[0] = ∑ ℎ-[𝑛](
!%#( = ∫ |𝐻(𝑓)|-𝑑𝑓$

&  
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F. Multirate: 

Decimation (downsampling) where 𝑇6 = 𝐷𝑇7 

𝑣(𝑚𝑇6) = ∑ ℎ[(𝑚𝐷 − 𝑘)𝑇7]𝑥(𝑘𝑇7)(
+%#(   𝑚 ∈ ℤ 

Interpolation (upsampling) where 𝑇6 = 𝑇7/𝐼 

𝑦(𝑙𝑇6) = ∑ ℎQ(𝑙 − 𝑛𝐼)𝑇6R𝑥(𝑛𝑇7)(
!%#(   𝑙 ∈ ℤ 

Rate conversion where 𝑇6 = 𝐷𝑇8 =
9
:
𝑇7 

𝑦(𝑙𝑇6) = ∑ ℎ[(𝑙𝐷 − 𝑚𝐼)𝑇8]𝑥(𝑚𝑇7)(
;%#(   𝑙 ∈ ℤ 

G. Autocorrelation, power density spectrum and Wiener-Khintchin: 

Given a wide-sense stationary and ergodic sequence 𝑋[𝑛] with infinite energy 

Autocorrelation: 𝛾<<[𝑙] = 𝐸{𝑋[𝑛]𝑋[𝑛 + 𝑙]}  𝑙 ∈ ℤ 

Power spectrum: 𝛤<<(𝑧) = 𝒵{𝛾<<[𝑙]} ⇒  

Wiener-Khintchin: 𝛤<<(𝑓) = DTFT{𝛾<<[𝑙]} = ∑ 𝛾<<[𝑙]𝑒#,-./=(
=%#(   

H. Yule-Walker and Normal equations where 𝒂𝟎 = 𝟏: 

Autocorrelation: ∑ 𝑎+𝛾<<[𝑛 − 𝑘]?
+%& = 𝜎/-𝛿[𝑛] 𝑛 = 0,… , 𝑝 

Normal equations: ∑ 𝑎+𝛾<<[𝑛 − 𝑘]?
+%$ = −𝛾<<[𝑛] 𝑛 = 1,… , 𝑝 

I. Some common z-transform pairs: 

 


